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Abstract
Instead of being a customer of PDAM, as the local drinking company, in order to get access to piped clean
water supply system, there are around 10% of more than 100 million citizens decided to joint participation
into a community based water supply system. Hence, the questions are: Why people join, or not join, in the
community-based water supply system for access to water? How do social influence processes give effect to
their choice to access community-based water supply system? The hypothesis is people with better
community ties have ability to organize community-based water supply system. In respect with an empirical
research in Singosari district, Malang regency of East Java Province, this research investigates the answers
through (i) Centrality in Social Network Analysis which explains social structure of the community and (ii) 
spatial econometric approach through Spatial Autoregressive (SAR) Probit Model which expresses effects of
social interaction among households.
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1. Introduction
Water is one of the most important matters among basic needs for people to survive. It goes to say that 
water is an essential need; one can live for one month without food, but he/she can only live for 5 to 7
days without water.
faces lack access to safe water. Particularly,
Network of Asian River Basin Organizations reports about 600 million people in the Asia-Pacific region
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do not have access to clean water. Furthermore, it is also stated that rapid growth of economic and 
population in Asian developing countries, such as China, India and Indonesia, generate an explosive 
growth in water demand; thus, it is most pressing challenge to search for a safe, secure and reliable water 
supply measure.  
In case of Indonesia as an archipelago country, in the midst of total population of 231.6 million 
inhabitants (2007), around 100 million people or 43% of the total population have no access to water 
supply. Therefore, concern to water demand, as mandated in various government regulations, Agenda 21 
and Millennium Development Goals, is getting stronger, persistently. 
The problems are seemed to be analogous with a statement of the former President of Asian 
Development Bank, Tadao Chino, that water crisis is essentially a crisis of water governance. Obscurity 
of water right allocation tends to bring further problems, such as, conflict of water as public goods, water 
for the base of sustainable societies, as well as water as a key prerequisite for the food security. In this 
case, it can be said that water is a political issue and it needs proper solution from the side of water 
governance.  
2. Indonesian Water Regulation 
In accordance with UUD (Indonesian Constitution) 1945 Section 33 Article (2), (3) and (4), the natural 
resources, including water, should be managed by the state and optimally used for the prosperity of 
people. Consequently, water is owned communally by all citizens and no individual ownership can be 
claimed over water. The idea also provides the basis for the state  right to control  but not to own  
water.  
According to Law No. 7/2004 on Water Resources, Article 1 (13) that general provision of water rights 
 rights to obtain and to use water or use for various needs  are divided into two types. Communal water 
use rights Article 1 (14)  rights to obtain and use water  and Commercial water use rights in Article 1 
(15)  rights to obtain and to use commercially. In Article 8 (1), it is stipulated that the method to obtain 
rights for the first type are available for two options of individual and/or group targets with purpose for 
daily basic needs, social needs and agriculture. It does not need license for the capacity equal to or less 
than 2 litter per second with requirement that the utilization will not change the water condition (Article 8 
(1)) and it needs license if the utilization will change the water condition (Article 8 (2)). Meanwhile, for 
the second type of water rights, it is obligatory to have a license if individual, group or organization will 
utilize water for the needs of business or commercial use. Next, in Article 9 (1), it is stipulated that the 
use of water rights can be granted for individuals or corporations with a license from the Government or 
regional governments, in accordance with the relevant authority. Then, it is stipulated in Article 78 (1) 
that financing of water resources management, as intended under Article 77, paragraph (1), should be 
charged to the Government, regional governments and state-owned/region-owned enterprises that manage 
water resources, cooperatives, other business entities, as well as individuals, individually, as well as in 
other forms of cooperation. In these senses, for Indonesia, it allows legally for community, as a group, to 
be able to manage water resources for their own supply. 
3. An Empirical Research 
 Malang Regency is one of regencies in East Java Province which has plenty of water resources at 
around 588. In addition, regarding the result of analysis about Water Balance Projection by 
Kabupaten/Kota (Regency/City) of Java and Madura, as a whole, Malang Regency is one of the cities 
with water balance in normal condition classification that there is no deficit month within a given year. 
However, among total population of 2,389,928 inhabitants, it is only around 24% of citizens that have 
access to piped drinking water system, 13% of them are supplied by PDAM  a local drinking water 
company, 10% are supplied by HIPPAM  community managed water system, and the rest of them are 
supplied by another system [5].  
Referring to Data Base of Water Connection in Malang Regency (2008), there are two types of piped 
clean water supply system in Malang regency. In general, the piped water supply system covers 24 % 
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inhabitants among total population of 2,389,928 inhabitants spread in 33 districts covering 390 villages. 
First type is a piped drinking water supplied by PDAM Malang regency that was established on June 4th, 
1981 with 23 unit branches. Water services of PDAM cover 322,168customers or 13% inhabitants in 23 
districts covering 117 villages. The second type is a piped drinking water initiated by local community, 
namely HIPPAM (Resident Association of Drinking Water User), and other types of community-based 
water management with different names. HIPPAM groups in Malang regency exist in 31 districts 
covering 147 villages; it covers 233,583 customers or 10% inhabitants of Malang regency. And, the last 
type of community-based water management serves 16,995 or 1% inhabitants who live in 4 districts 
covering 18 villages. 
Through systematic sampling, the field survey was conducted in December 2008 and February 2010 to 
select 500 households living at Toyomarto village and Candi Renggo village, Singosari district, Malang 
regency, East Java Province Indonesia as the respondents for the study. Three hamlets are selected in 
Toyomarto village covering Sumberawa, Ngujung and Glatik. Then, similar to the first village, three 
hamlets are selected in Candi Renggo village covering RW 6, RW 8 and RW 12. Data are collected which 
is employing face-to-face interview method that had been done effectively within 10 days by 20 
surveyors with interview schedules from 07:00 a.m. to 09:00 p.m., depending on the respondent's 
readiness.  
This study focuses upon 234 respondents who have connection to either piped clean water supply 
system from HIPPAM or PDAM based on argument that piped clean water supply system with 
connection to individual houses is an appropriate type of access to clean water. From the field survey, it is 
understood that it is difficult to get valid number of households which get services from the two water 
supply providers in the level of sub-village or even in the hamlet area. Though this data might not fully 
accurate, regarding to the Data of Water Connection in Malang Regency [5], this research has 4% sample 
from the total 6,550 inhabitants who get access to PDAM and HIPPAM. Hence, it may be argued that, 
statistically, this research employs sufficient number of sample for the purpose of research. Next, this 
study assumes that individual respondent  preference on choice of water supply system might be seen as 
, since once he or she decided to join, or not to join community-based water supply 
system, it becomes the choice of each representative household. Moreover, this research uses term of 
 
Table 1. Sample Size of the Respondent  
Type of Water Services Toyomarto village Candi Renggo village Total Sample 
(n = 234) Sumberawan 
(n = 100) 
Ngujung 
(n = 64) 
RW 6 
(n = 70) 
HIPPAM 100 46 69 215 
PDAM 0 18 1 19 
In the questionnaire survey, respondents were asked to mention in which community groups they 
participate. Based on the preliminary field survey, there are 15 options of the community groups. It 
encompasses (1) religious, (2) cultural/social, (3) PDAM, (4) HIPPAM, (5) HIPPA  community based 
on irrigation water supply system, (6) ethnic based, (7) community organization, (8) finance, (9) 
production, (10) union (labor/trade), (11) political party, (12) professional association, (13) business 
association, (14) social movement, and (15) others.  
In order to get suitable description of respondent memberships in community groups, this paper 
focuses upon the four popular community groups consisted of (i) religious, (ii) cultural/social, (iii) 
community organization and (iv) finance. Moreover, in case of HIPPAM and PDAM group, it may not 
able to put it in the weight matrix since the purpose is to investigate the choice of people upon piped 
community based  water supply system (provided by HIPPAM) over the conventional piped drinking 
water supply system (provided by PDAM). The following Table 2 illustrates number of respondent in 
each community group for every hamlet based on their current choice of piped clean water supply system.   
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Table 2. Memberships in Community Groups 
 Religious Cultural/Social Community Organization Finance 
Sumberawan 
HIPPAM 86 12 11 11 
Ngujung 
HIPPAM 42 13 4 3 
PDAM 16 2 1 1 
RW 6 
HIPPAM 45 7 7 5 
PDAM 1 0 0 0 
4. The Model 
4.1.  The Centrality of community membership 
 This study measures centrality of the respondents through their affiliation to 15 types of the presence 
community groups in order to investigate the social structure of the community.  The three indices to 
quantify the prominence of an individual respondent embedded in a network are (i) degree, (ii) closeness, 
and (iii) betweenness with index of centralization between 0 and 1.  
In the two-mode network, the raw degree centrality for an actor  is defined as the number of events 
that is participated by the actor, .The normalization towards actors could be scaled as follows: 
Actor  normalized centrality                         (1)              
The index of actor closeness as defined by in Wasserman and Faust [6] is 
                                          (2)              
The standardized closeness centrality in order to make comparisons of values across networks of 
different sizes is expressed as follows: Wasserman and Faust [6]: 
   =                       (3)              
The actor betweenness index for  is the sum of these estimated probabilities over all pairs of actors, 
not including the ith actor for i distinct from j and k Wasserman and Faust [6]: 
                                    (4)              
The value of the actor betweenness is between 0 and 1 as formulate in the following model. 
                       (5)     
4.2. Spatial Autoregressive Probit Model 
Referring to [9], spatial autoregressive (SAR) probit model can reflect patterns of heterogeneity where 
utility to the utility of other individuals, reflecting the potential interdependence of preferences. 
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Explanatory variables are incorporated into autoregressive process through a weighting matrix that 
describes the network. Referring to[1], he reasoned that the source of influence in this research is that 
ificant to ; thus, in determining his 
opinion and behavior, individual household takes the opinions and behaviors into account of his 
significant others who make up his frame of reference. Thus, this research focuses on the preference 
interdependence among individual households in the level of individual choice, whether individual 
household join HIPPAM or not, as their access to piped clean water supply system. 
The notation  will be the number of individual households. For each household, it is observed 
whether the household joins HIPPAM or PDAM and model it as the realization of a random variable . 
Thus, each household as dependent variable has two alternatives labeled as 1 for joining HIPPAM and 0 
for joining PDAM.  
                         (6) 
Economic theory suggests that the decision to join a certain group or association is primarily made to 
maximize the discounted value of future profits; so, it assumes that the choice of whether to join 
HIPPAM or PDAM cision to maximize their utilities. It denotes  is the 
difference in the utility from alternatives 1 and 0. An event will occur with a certain probability  if the 
utility derived from choosing that alternative is greater than the utility from the other alternative. These 
explanations can be written as binary choices in the following equation: 
                                                
        (7)      
                                      (8)                   
Since the hypothesis here is that people with better community ties have ability to organize 
community-based water supply system, this research employs spatial econometric approach which can 
express effects of social interaction among households. In this sense, individual behavior is determined by 
interaction of influential actor(s) on individual actor represented by  
opinion represented by . [3] set forth a spatial autoregressive (SAR) probit model and it is shown in 
the form (9),  
                             (9)                   
                    (10)                   
where  is  matrix of observed household specific attributes, 
 is a vector of unobserved parameters to be estimated and  is a stochastic error vector 
with  wherein it is assumed that the error terms are normally distributed with zero means 
and equal variances. The spatial lag of the dependent variable  involves the  spatial weight 
matrix  that is row standardized, such that of . The result is in the 
 vector  sm for 
modeling interdependence in household decisions to join HIPPAM. The scalar parameter  can be 
interpreted as the degree of spatial dependence across households. It means that households established 
their behavior by taking into consideration the opinions and behavior presented by their significant others. 
Positive (negative) value of  indicates positive (negative) correlation among households. Clearly, when 
 a conventional non-spatial probit model is emerge
is purely determined by his own opinion and behavior due to the absence of social influence from others. 
Meanwhile, when , it becomes purely spatial model in which the opinion and behavior of 
households are solely determined by interaction of others. Thus, by operationalizing spatial 
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autoregressive (SAR) probit model as shown in equation (1.j), it may able to estimate  as well as  in 
order to investigate the interaction and intrinsic effects among households in the social influence process 
on choice to participate in community based water supply system.  
In addition, maximum likelihood estimation of limited dependent variable models in a spatial context 
is quite difficult since it is necessary to evaluate an n-dimensional normal probability function in order to 
estimate the parameters. Then, this research uses the Bayesian inference approach to estimate each 
parameters of equation by using the Markov Chain Monte Carlo method that samples sequentially from 
the complete set of conditional posterior distributions for the parameters. The MCMC method provides a 
powerful tool for simulating complicated posterior distributions. 
4.3. The Weight Matrix 
 This research defines developing weight matrix based on the size of 
respondent for each hamlet with assumption that there is a social influence effect among households 
within hamlet. Then, it measures the weight matrix through affiliation network among residences through 
multiple memberships in community groups which may show specific structure of social relationship for 
each hamlet.  
Hence, the weight matrix  might illustrated by the following formula (11). 
                                                   (11)      
Whereby  consists of  for Sumberawan hamlet,  consists of  for Ngujung 
hamlet and  consists of  for RW 6.   
Since the main purpose of composing weight matrix  is to scrutinize whether there is social 
interaction effect of the influential actors on the actors related to choice of access community-based water 
supply system, it means that this research deals with received influence of an actor from the other alter(s). 
In other words, it focuses upon the influence exerted on an actor by the other actor(s). Therefore, the 
entire weight matrix  is operationalized by row normalization of adjacency matrix  by which each row 
sums to one denoted as  in the following expression:[1] 
                                           (12)    
Here,  means that  influences , meanwhile  indicates the number of households to 
whom  after row normalization might become asymmetric, 
since  in which  represents the .    
Additionally, the diagonal cell sets as  which means that the effect which an actor has on his 
own position is not taken into consideration in the influence structure in a network of weight matrix W. 
This research defines weight matrix of the respondents on joint participation in community groups into 
two ways. Firstly, it measures their memberships in collectivities through Cosine similarity in which it is 
a measure of similarity between two vectors of attributes,  and , as labeled in formula (13).    
          (13)   
where  is an attributes vector of household  and, on the other hand,  is an attributes vector of 
household . Its data are assumed as binary relation whereby attendance in a certain community group is 
equal to 1; otherwise, equals to zero. Since the term frequencies cannot be negative, the cosine similarity 
 as W21. In this sense, 
this research may assume that a pair of respondents who shared membership in community groups may 
have more frequent social interaction that might influence each other, so that they may adapt the 
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preference of others. 
Secondly, the weight matrix composes are based on geodesic distance through their sharing 
memberships in community groups in the form of actor co-membership matrix. This is the binary relation 
of actor co-membership matrix that it may assume an acquaintance network by constructing a 1-mode 
matrix, such as,  indicates the presence of a network of ties between respondent  and respondent 
 through his/her joint participation in at least one similar event, and  indicates the different 
membership that, then, it does not create a network of ties between them. The diagonal cells are set to 
zero, because they refer to ties from a respondent  to himself (loops) in which . Hence, it 
measures geodesic distance between two respondents in a graph as the number of links in the shortest 
path among pairs of respondents. Following is the argumentation of Wasserman and Faust (1994) that the 
geodesic distance between respondent  and respondent  is denoted as ; whereby  
and it will form symmetric matrix. Hence, considering influence or communication of any kind of one 
respondent on another, it will decline through increasing the distance between them. Thus, this research 
may assume that geodesic influence is an inverse of the geodesic distance. 
                                                 (14)              
5.  Estimation Results and Discussion 
5.1.  Social Structure 
 Table 3 indicates 4 central respondents as the stars in the three hamlets. There are two stars in 
Ngujung hamlet, whereas the others have only one respondent exclusively. All of the four most central 
respondents have similar measure of degree centrality at CD(x) = 0.75 whereby they participate in the 
three of among four community groups. Thus, from the overall result, it may be concluded that the central 
respondent in Sumberawan hamlet plays more important role compared to the other two hamlets, even 
when compared to Ngujung hamlet, since, particularly, in this hamlet, there are two respondents 
occupying the highest level. In different expression, the result may indicate that there is a more significant 
meaning of power relation among respondents that may occur in Sumberawan hamlet compared to the 
others. 
Table 3. Centrality in multiple memberships 
 Sumberawan Ngujung RW 6 
 D B C D B C D B C 
Mean 0.300 0.956 0.0007 0.320 1 0 0.232 0.858 0.0041 
Min  0 0.530 0 0 1 0 0 0.505 0 
Max 0.750 1 0.0065 0.750 1 0 0.750 0.981 0.0708 
Std. Dev. 0.163 0.080 0.0014 0.169 0 0 0.172 0.125 0.124 
Variance 0.027 0.006 0 0.029 0 0 0.030 0.016 0.0002 
Level of centrality (no. of respondent) 
0-0.333 71 0 89 42 0 0 58 0 52 
0.334-0.666 28 3 0 20 0 0 11 6 0 
0.667-1 1 86 0 2 58 0 1 46 0 
 
In general, almost each respondent in the three hamlets has direct contact with every other respondent. 
Therefore, the betweeness centrality for each respondent in the three hamlets is almost zero. It indicates 
that there is none of respondent that occupies position as a mediatory between others. In this sense, there 
is no bridging social capital between respondent in each hamlet. In one side, it may be concluded that the 
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respondents in each hamlet tend to form closed network which they tend to rely on their internal group. 
But, in the other side, they might find difficulty when they have a problem beyond the group capacity to 
solve due to lack of connection from external the group or their community.  Moreover, it might not too 
most suitable for them. 
Since closeness centrality is only applicable to define the presence shortest path between the actors, for 
an isolated actor, its position in the graph is disconnected; in this sense, the actor becomes unreachable 
and the closeness centrality will be undefined. Therefore, at the first step it is necessary to exclude some 
respondents who do not have participation in any kind of community group. Hence, this research assumes 
that influence of one respondent on another decline with the distance between them, whereby the 
minimum distance formulation of respondent closeness may give more effective contagion information to 
others. In this sense, transferring information among respondents in RW 6 will occur in the shortest path 
since each respondent is adjacent to all other respondents. Then, it followed by Sumberawan hamlet in the 
second position and it is closed by Ngujung hamlet.  Next, it might also be seen that every respondent in 
Ngujung hamlet has maximally close to all other respondents so it has equal influence in social 
interaction to each other. In Sumberawan hamlet, average closeness of the respondents is 0.956. It means 
that almost every respondent has almost a path linking to all of the others. Additionally, there is one 
respondent who has maximum closeness that he/she can reach all the other actors in a minimum number 
of steps. He is a driver of 50 years old with level of income at average between IDR 500,000  1,000,000 
per month (JPY 5,000  10,000); he has been in the hamlet since he was born. Moreover, he has 
education background of high school and his household consists of 4 family members and they are 
member of HIPPAM group.  Average closeness centrality of respondents in RW 6 is slightly lower 
compared to the other two hamlets at 0.858. But, again, in general, the respondents have almost equal 
minimum steps to reach to all other respondents. 
 
Interdependent Influence 
This research assumes that individuals  choices to join community-based water supply system are 
affected by his/her closest neighbors that is possibly reflected by social interaction effect among them due 
 It defines weight matrix of the respondents on joint participation in 
community groups into two ways, namely, Cosine similarity and geodesic distance through their sharing 
memberships in community groups in the form of actor co-membership matrix.  
Table 4. Interdependent Preference 
Parameter Cosine Similarity Geodesic Distance 
Constant 0.83* 
[0.41, 1.30] 
0.86* 
[0.41, 1.32] 
Education 0.69* 
[0.10, 1.30] 
0.71* 
[0.11, 1.37] 
Working place -0.97* 
[-1.54, -0.44] 
-0.95* 
[-1.58, -0.37] 
Rho 0.60* 
[0.35, 0.79] 
0.56* 
[0.32, 0.78] 
Note: 95% credible interval in brackets. * indicates 95% credible interval does not contain zero 
 
Statistically, the weight matrix  yield positive and significant estimated parameter . It indicates that 
there is an existence of the social interaction effect among households on choice to community-based 
water supply system. In other words, the estimated parameter  provides verification of spatial 
interdependence among households on choice to community-based water supply system. Next, the 
estimated parameter working place statistically is negative and significant, whereas, estimated parameter 
education is positive and significant. In this sense, the s are also determined by their 
own local effect with respect to the weight matrices . Thus, through spatial autoregressive (SAR) probit 
model, this research might provide evidence is determined by social 
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interaction effect of the significant others on individual households, as well as by their own local effect of 
the individual households that are represented by nearness of emotional. 
6. Conclusion 
There are three characteristics of social structure of community in the research area. First, the 
community in Sumberawan hamlet is best described as a community with combination between (i) an 
existence of power relation driven by a formal and informal leader and (ii) a strong social tie within the 
community which enables them to establish and maintain their community-based water management. 
Second, the community in Ngujung hamlet is a community where (i) existence of power relation is less 
than enough to drive the community member to reach a common goal, but (ii) they have moderate, strong 
social tie within the community, also, lack of bridging social capital. This situation may bring their 
current collective action on managing water supply system difficult to sustain in the long term. Third, the 
community in RW 6 could be described as the area which has characteristic between the two 
communities. In this community, there is a powerful relation, but it is not as strong as the first community 
since the central is just occupying role position as informal leader. 
The estimated parameters  show positive and significant result which might bring us to conclude that 
s to community based water supply system are interdependent  displaying social 
interaction effects of significant respondents on individual households. Next, the entire estimated 
parameter working place is statistically negative and significant, whereas, estimated parameter education 
is positive and significant for the weight matrices .  In this sense, it might be argued 
behavior is also determined by their own local effect with respect to the weight matrices  of community 
membership. Thus, through spatial autoregressive (SAR) probit model, it might provide evidence that 
individual households, as well as by their own local effect of the individual households that is represented 
by nearness of emotional.                        
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